A method of determining histidine decarboxylase activity was established. In this method, 14C-histamine was separated from 14C-histidine by Amberlite CG-resin column in the ammonium form. Lecanoric acid was obtained by screening histidinedecarboxylase inhibitors produced by microorganisms.
It is the first isolation of this compound from fungi.
The inhibition by lecanoric acid was competitive with histidine and noncompetitive with pyridoxal phosphate. Lecanoric acid did not inhibit aromatic amino acid decarboxylase.
Though lecanoric acid was hydrolyzed easily both in vivo and in vitro, its structure yielded an information useful in developing histidine decarboxylase inhibitors of a new structural type.
It is known that histamine is involved in biological processes such as allergic response, microcirculatory hemostasis, gastric secretion, inflammation and some neural functions1-4). The turnover of this amine is much slower in mast cells and probably in basophil leucocytes than in the other cells2 . Histamine is produced from histidine and this process is catalyzed mainly by histidine decarboxylase in vivo, though, in vitro, aromatic amino acid decarboxylase also catalyzes this reaction1).
In this connection, a specific inhibitor of histamine biosynthesis would be expected to be a useful tool in the analysis of the biological roles of this biogenetic amine.
Therefore, we initiated search for inhibitors of histidine decarboxylase in culture filtrates of microorganisms.
The known methods for determining the activity of this enzyme involve the spectrometric determination of histamine, or the measurement of 14C-carbon dioxide produced during the conversion. However we could not apply these methods to the screening of the inhibitors in culture filtrates, because the culture filtrates often contained substances which interferred with the results of spectrometric methods and the 14C-carbon dioxide method was not convenient for many samples. Therefore, we developed a method for the determination of histidine decarboxylation activity based on the measurement of 14C-histamine after the separation from 14C-histidine. This method was found to be useful in finding inhibitors in culture filtrates. An inhibitor thus found was identified as lecanoric acid, which had been previously isolated from lichen5). This is the first time lecanoric acid has been isolated from fungi. This compound provided a basis for the development of a new structural type of histidine-decarboxylase inhibitor.
In this paper, we will describe this method of determining histidine decarboxylase activity, the isolation of lecanoric acid from a strain of Pyricularia and the kinetic data of the inhibition.
Materials and Methods
Chemicals: Histidine and pyridoxal-5'-phosphate were purchased from Tokyo Kasei Co., Ltd. 14C-L-Histidine (45 mCi/mmole) labeled at the 2-position of the ring and 14C-histamine (54.3 mCi/mmole) labeled at the 2-position of the ring ,vere purchased from Commissariat a 1'Energie Atomique, France.
Preparation of Histidine Decarboxylase: A crude histidine decarboxylase was prepared from fetal rats by the method of HAKANSON3). Pregnant rats were decapitated 15-18 days after mating and litters were collected. One hundred g of fetal rats were homogenized in 200 ml of 0.1 M sodinm acetate buffer, pH 5.5, by a home type mixer (Sharp EM-180, Hayakawa Electric Co., Ltd.) and the homogenate was centrifuged at 20,000g for 20 minutes at 0°C. The supernatant thus obtained was kept at 55°C for 5 minutes in a water bath with occasional stirring and then centrifuged at 20,000g for 10 minutes. Thereafter, histidine decarboxylase was precipitated with ammonium sulfate at 2542 % saturation. The precipitaie was dialyzed against 0.05 M phosphate buffer, pH 7.0, for 16 hours. The enzyme solution thus prepared was stored at -20°C and was stable for several months.
Determination of Histidine Decarboxylase Activity: The reaction mixture, 1.0 ml consisted of 6.25X 10-2 M potassium phosphate buffer, pH 6.8, 3.7 x 10-5 M pyridoxal phosphate, 2.4 x 10-4M 14C-L -histidine (100 ,000 dpm), the enzyme preparation and an inhibitor solution. After preincubation at 37°C for 5 minutes the reaction was initiated by adding the enzyme solution. Unless otherwise stated, the reaction was carried out at 37°C for 2 hours and the amount of the enzyme added was adjusted to that which produced 2,000-4,000 cpm of 14C-histamine. The amount of the enzyme added was 1 mg of protein per ml. When culture filtrates were tested, 0.1 ml of the filtrate was added. The reaction was stopped by heating the tube in a boiling water bath for 5 minutes. The reaction mixture and I ml of distilled water which was used to rinse the tube were passed through a column (0.5 x 2.5 cm) of Amberlite CG-50 (NH4+ form, 0.5 ml). The column was washed twice with 10 ml of distilled water, and 14C-histamine on the resin was eluted into a counting vial with 3 ml of I N ammonia. Eight ml of BRAY scintillation fluorophore solution was added to the vial. The radioactivity was counted by Beckmann liquid scintillation system LS-250.
Preparation of Aromatic L-Amino Acid Decarboxylase and Determination of Its Activity: Aromatic L-amino acid decarboxylase ,vas prepared by the methods of AWAPARA", and the activity was measured by the methods of LOVENHERGS).
Method of Testing the Effect of Lecanoric Acid and Related Compounds on Carrageenin Inflammation: Carrageenin was dissolved in saline at 1.0 %. Lecanoric acid or a related compounds, dissolved in a sterilized water, was injected intraperitoneally into rats and 1 hour thereafter 0.1 ml of the carrageenin solution was injected subcutaneously into the hind paw. The extent of edema was measured 3 and 5 hours after the carrageenin injection by the method described by WINTER et al. 9) Methods of the Shaking Culture and Extrcation of Lecanoric Acid: These methods are described in the following section together with the results obtained. We studied the recovery of 14C-histamine which was anded to the following mixture: 0. The condition of the assay was descibed in the section Materials and Methods ". Ten nmoles of 14C-histamine showed 11,000 dpm. This amount of histamine is equivalent to that of histamine, which is produced from 4 % of 14C-histidine in the reaction mixture. ammonium form as described above. As shown in Table 1 , the recovery of 14C-histamine was 77.0±3.1 %. This recovery was inferior to that of 14C-carbon dioxide, described by LEINWEBER et al. 12 However, the standard deviation was small enough to give data which was sufficiently accurate for screening of histidine decarboxylase inhibitors. The radioactivity of the 14C-histamine formed from 14C-histidine in the standard reaction described in the previous section was 5,076±50.4 dpm in five replications using the same enzyme solution.
When the enzyme was added to the reaction mixture at 0.56-2.1 mg of protein/ml, there was a complete linear relation at least up to 2 hours between the amounts of 14C-histamine formed and the time length of the reaction, and the relation between the amounts of 14C-histamine produced and the amount of the enzyme which was added at 0.252.5 mg of protein/ml was also completely linear.
Semicarbazide reacts with pyridoxal-5'-phosphate and inhibits histidine decarboxylase. We The following is a description of its conidia at the time of isolation: borne at the apex of conidiophore which has 1-3 short sterigmata;
claviform or pyriform and septated; hyaline to pale fuliginous; 19-35/t in length and 6-13m in width at the base. When we received this culture, however, we could not observe the conidia formation.
The characters of the present strains were as follows: On potato dextrose agar at 25°C: It grew rapidly and radially; the aerial mycelium which covered the growth was brownish gray-colored; the reverse was brownish black, or sometimes pale reddish brown; the substrate hyphae were pale brown and 7-10t in width, and the interval of the septa was 20-3011; the aerial hyphae were hyaline and 3-6p in width, and the interval of the septa was 30-40-t.
On malt extract agar at 25°C: It grew fairly rapidly, forming woolly, brownish gray-colored colonies; the reverse was Though we could not observe the conidia formation in the present strain, the other char acteristics were essentially the same as those described at the time of isolation. Therefore, it was thought that this strain had lost the ability of conidia formation during transfers on agar media
Production and Isolation of Lecanoric Acid from the Strain FI-178
The strain FI-178 was shake-cultured in a medium containing 2 % potato starch, 1 % glucose, 2 % soybean meal, 0.1 % KH2PO4 and 0.05 % MgSO4.7H2O at 28°C on a reciproca shaking machine, and the activity of the culture broth in inhibiting histidine-decarboxylase was Pyridoxal phosphate concentration was varied from 1.9 x 10-8 ti to 3.0 x 10-7 M. The reaction was initiated by addition of histidine decarboxylase. The reaction was continued for 2 hours at 37°C.
The histidine concentration was 1 x 10-4 M. The assay was carried out as described in the section "Materials and Methods". The velocities were expressed by nmoles of histamine produced.
Each point represents the mean of duplicate tubes. 628 X 10-6 M inhibitor 3.14 X 10-6M inhibitor 1 . 57 x10-6 M inhibitor n No inhibitor spectrum with KBr showed the hydrogen-bonded phenol ester band at 1660 cm-1 and the hydrogen-bonded phenol band at 3000-3100 cm-1. The trimethyl derivative (dimethyl ethermonomethyl ester derivative) showed the usual phenyl ester band at 1750 cm-1 in the IR spectrum (KBr). The pmr spectrum of this derivative showed two methoxy signals and a methyl ester signal at 5 3.83 (2 x OCH3), 3.92 (OCH3) and one hydrogen-bonded phenol signal at 5 11.37.
Hydrolysis of the active compound with sulfuric acid gave o-orsellinic acid. From these results, the active compound seemed to be lecanoric acid. The identity with authentic lecanoric acid12) (Fig. 2) which was supplied by Prof. S. SHIBATA (Univ. of Tokyo) was confirmed by the direct comparison of their IR spectra and by a mixed melting point determination.
Kinetic Studies of Histidine Decarboxylase Inhibition by Lecanoric Acid In the reaction mixture described in the previous section, inhibition of histidine-decarboxylase by lecanoric acid was studied as a function of various concentrations of histidine and pyridoxal phosphate. LINEWEAVER-BURK plots of the data are shown in Figs. 3 and 4 . The Km value of histidine was 1.2 x 10-4 M and agreed with the value reported by HAKANSON6). Inhibition by lecanoric acid was competitive with histidine. The value of Ki was 6.9 x 10-7 M and was obtained from the relation of the reciprocal of the 10-9 M of histamine produced from various concentrations (4X 10-4, 2 x 10-4, 1 x 10-4, 0.5x 10-4, 0.25 x 10-4 M) of histidine to 3.14x 10-4 tut and 6.28 x 10-4 M of lecanoric acid. The inhibition by lecanoric acid was noncompetitive with pyridoxal phosphate. The Ki was 1.1 x 10 -3M.
Inhibition of Carrageenin-Induced Edema in Rat Hind Paw by Lecanoric Acid According to the method described in the previous section, 0.1 ml of 1.0 % carrageenin solution was injected into rat hind paw 1 hour after the intraperitoneal injection of various amounts of lecanoric acid, and the volume of the hind paw was determined 3 and 5 hours thereafter. The following percent inhibition was observed at 3 hours : 28.7 % by 100 mg/kg, 24.5 % by 50 mg kg, 11.2 % by 12.5 mg/kg; at 5 hours : 29.0 % by 100 mg/kg, 20.0 % by 50 me/ke. 11.2 % by 12.5 me/kg.
Metabolism of Lecanoric Acid in Mice
Lecanoric acid (100 mg) was given to each four mice through intraperitoneal, subcutaneous or oral route and, 3 hours and 6 hours thereafter, the urine was collected. Neither the structure nor reactivity of lecanoric acid is related to either histidine or pyridoxal phosphate. The action of lecanoric acid seems to be specific to histidine decarboxylase, because it did not inhibit aromatic amino acid decarboxylase. The 50 % inhibition concentration of lecanoric acid was 3.7 x 10-6 M to histidine decarboxylase, but 1.1 x 10-4 M did not show any significant inhibition of aromatic amino acid decarboxylase in the reaction mixture containing L-dihydroxyphenylalanine as the substrate.
Though there is no structural relationship with histidine, the type of inhibition by lecanoric acid was competitive. As shown in Table 2 , 2-hydroxybenzoic acid derivatives showed 100- DHBA: dihydroxy benzoic acid HDC: histidine decarboxylase Carrageenin (1%, 0.1 ml) was administered in rat hind paw after 1 hour of drugs dosing. Drugs (50 mg/kg) were injected by intraperitoneal route.
Rat: Wistar strain, male. Body weight: mean 136.7 g. ID50 of orsellinic acid was I x 10-3 M. * ID50 of lecanoric acid was 3 .7 x 10-6 M.
1,000 times weaker activity than lecanoric acid in inhibiting histidine-decarboxylase. The action of these compounds, though it is weak, suggests that the 2-hydroxybenzoic acid moiety may be involved in the inhibition. o-Orsellinic acid at 5.6 x 10-4 m showed 50 % inhibition of histidine decarboxylase. This weak action of orsellinic acid suggests that the whole molecule of lecanoric acid is involved in the inhibition of the enzyme. Inhibition of histidine decarboxylase by NSD-105513), indomethacin14) and p-chlorobenzylrhodanine15) has been reported to be competitive with histidine, even though there are no obvious structural relationship between these compounds and the substrate. However, lecanoric acid has no structural similarity to these compounds except for the hydroxybenzene moiety in NSD-1055. Moreover, lecanoric acid has no amino group16).
The orsellinic acid moiety of lecanoric acid somewhat resembles salicylic acid, but 100 mcg/ ml of lecanoric acid showed neither antibacterial nor antifungal activity. Lecanoric acid has extremely low toxicity and the intravenous injection of 200 mg/kg to mice did not result in any signs of toxicity.
As shown in Table 2 , lecanoric acid inhibited rat hind paw edema caused by carrageenin. However, the magnitude of this action was similar to that of the 2-hydroxybenzoic acid derivatives which had a much weaker level of activity in inhibiting histidine decarboxylase. This weak action of lecanoric acid in vivo may be due to its rapid hydrolysis in vivo. None of the lecanoric acid injected was excreted intact in mouse urine.
As described above, lecanoric acid is easily hydrolyzed both in vivo and in vitro, and has only a weak effect in the inhibition of edema caused by carragreenin. However, its structure gave us an important information useful in developing a new type of histidine decarboxylase inhibitor. As will be reported, N-(2,4-dihydroxybenzoyl)-4-aminosalicylic acid showed a little stronger inhibition of histidine decarboxylase and much stronger inhibition of carrageenin edema than lecanoric acid. The amide bond in this compound was more resistant to hydrolysis in vivo and in vitro than the ester bond in lecanoric acid.
